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Abstract- This paper presents a novel design of Proportional and Integral (PI) - like Fuzzy Logic Controller (FLC) for 
Buck converters that integrates linear control techniques with Fuzzy Logic .The design procedure allows the small signal 
model of the converter and linear control design techniques to be used in the initial stages of FLC design. This simplifies 
the small signal design and stability assessment of the FLC.By exploiting the Fuzzy Logic structure of the controller, 
heuristic knowledge is incorporated in the design, which results in a nonlinear controller with improved Performance 
over linear PI  controllers. The major advantage of the proposed design method for FLC is that  compared to  other 
methods is trial and error effort in the design is greatly reduced. MATLAB/SIMULINK is used for implementation and 
results shows the performance of the converter.           
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I. INTRODUCTION 
Fuzzy logic control (FLC) has been successfully applied to a wide variety of engineering problems, including dc to 
dc converters. It has been shown that fuzzy control can reduce development costs and provide better performance 
than linear controllers. With advances in digital hardware and digital control techniques, it is becoming feasible to 
implement control schemes such as fuzzy logic for power converters. 
       Fuzzy control is an attractive control method because its structure, which consists of fuzzy sets that allow partial 
membership and “if . . . then. . .” rules, resembles the way human intuitively approaches a control problem. This 
makes it easier for a designer to incorporate heuristic knowledge of a system into the controller. Fuzzy control is of 
great value for problems where the system is difficult to model due to complexity, nonlinearity, and/or imprecision. 
DC–DC converters fall into this category because they have a time-varying structure and contain elements that are 
nonlinear and have parasitic components. 
     Despite its advantages, there are some problems with FLC. The most significant one is that trial and error method 
is usually needed to design a fuzzy controller. There is no systematic procedure for the design of a fuzzy controller. 
The performance of an FLC is usually not known until the design is finished. Consequently, the stability analysis is 
difficult.  For  example,  we  will  not  know  the  bandwidth and  gain/phase  margin  of  an  FLC  dc-to-dc  switching 
converter by using the FLCs proposed. 
    On the other hand, using linear control techniques, the bandwidth and gain/phase margin can be determined with 
the small signal transfer function, and the stability of the system can be satisfied. Therefore, it is desirable to explore 
a design method for FLC that can achieve a predetermined small signal transfer function. In this way, the small 
signal characteristics of the FLC are known, and the large signal characteristics of the FLC can be designed to be 
better than the conventional linear control methods. 
    In this paper, a method that integrates the advantages of linear control techniques and FLC is developed. With this 
method, linear models and linear control techniques are used in the initial design of the fuzzy controller.  
   This initial controller has exactly the same response as a linear controller, such as proportional–integral (PI) 
controller,  proportional–integral–differential  (PID)  controller,  or  proportional–differential  (PD)  controller.  As  a 
result, its stability and small signal dynamic performance can be assessed using linear control techniques and the 
small signal model of the converter. 1051 
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   By capitalizing on the fuzzy logic implementation of the controller, heuristic knowledge can be incorporated. This 
can  give  an  improved  nonlinear  controller  that  outperforms  its  linear  counterpart  initially  designed.  The 
improvement can be made so that it does not compromise the stability or performance of the controller for small 
signals. In addition, better large signal dynamic performance can be achieved. 
    The major advantage of the proposed design method for FLC is that compared to other methods, the trial and 
error effort in the design procedure is greatly reduced. In addition, the small signal performance/stability of the 
proposed system is already known before the design is finished. In this paper, this methodology is developed using 
PI controllers as an example. A similar methodology can also be used for PD and PID controllers. 
 
The rest of the paper is organized as follows. Section II analysis of BUCK converter , Section III Relation 
between PI and PI like FLC. Section IV is the case study for proposed controller. Section V simulation and results of 
proposed controller with converter. Section VI is the conclusion and Section VII references. 
II.  BUCK CONVERTER (STEP-DOWN CONVERTER) 
Buck converter is a DC-DC step-down converter shown in Figure 1.and voltage and current changes are 
shown in Figure 2.the transistor turning ON will put voltage Vin on one end of the inductor. This voltage will tend to 
cause the inductor current to rise. When the transistor is OFF, the current will continue flowing through the inductor 
but now flowing through the diode.Initially assume that the current through the inductor does not reach zero, thus 
the voltage at Vx will now be only the voltage across the conducting diode during the full OFF time. The average 
voltage at Vx will depend on the average ON time of the transistor provided the inductor current is continuous.  
              
         Figure 1: Buck Converter                                                                Figure 2: Voltage and current changes 
 To analyze the voltages of this circuit let us consider the changes in the inductor current over one cycle. From the 
relation  
                                                         
dt
di
L Vo Vx = -                                                  (1) 
the change of current satisfies  
                                   ( ) ( ) ∫ ∫ - + - =
on off
dt Vo Vx dt Vo Vx di                                           (2)    
   For steady state operation the current at the start and end of a period T will not change. To get a simple relation 
between voltages we assume no voltage drop across transistor or diode while ON and a perfect switch change. Thus 
during the ON time Vx=Vin and in the OFF Vx=0. Thus  IJECSE, Volume 2, Number 3  
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which simplifies to  
                             0 ) ( ) ( = - - toff Vo ton Vo Vin                                                        (4) 
 
                                                                
T
ton
Vo
Vin
=                                                   (5) 
                       and defining "duty ratio" as                     
T
ton
D =                                                               (6) 
The voltage relationship becomes Vo=D Vin Since the circuit is lossless and the input and output powers must 
match on the average Vo* Io = Vin* Iin. Thus the average input and output current must satisfy Iin =D Io These 
relations are based on the assumption that the inductor current does not reach zero. 
III. RELATIONSHIP BETWEEN PI-LIKE FLC AND LINEAR PI –CONTROLLER 
The analysis shows that the FLC can be designed to have exactly the same performance as a digital PI 
controller. The inputs of the FLC are the error and the change of error. The output is the incremental change of the 
control signal. Usually, an FLC is implemented using digital hardware such as a digital signal processor or field-
programmable gate arrays. The block diagram for a digital implementation of a PI-like FLC is given in Figure 3. 
 
Figure 3: Digital implementation of a PI-like FLC. 
The error signal e is sampled with a sample period Ts. The change of error Δe is computed as 
                                    ) 1 ( ) ( ) ( - - = D k e k e k e                                               (7) 
Where k is the sample number, and z−1 represents the unit time delay. The error e(k) and the change of 
error Δe(k) are fed into the FLC shown in Figure 3. The output of the FLC is an incremental change of the control 
signal Δu(k). Using a digital approximation for integration, the control signal u(k) is obtained as 
                                 ) 1 ( ) ( ) ( - + D = k u k u k u                                            (8) 
A zero-order hold is assumed between samples to obtain the continuous control output u(t). 
This controller will now be compared to a digital PI controller to obtain a relationship between controllers. 
The transfer function for a continuous PI controller C(s) with parameters a and G is given by 
                                      
s
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= =                                        (9) 1053 
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Various methods exist for finding the discrete equivalent of a continuous controller. It should be noted that 
there is no exact digital equivalent for a continuous controller because a continuous controller has access to the 
complete time history of the error signal while a digital controller has access only to samples of this signal. 
The bilinear transformation 
                                             


 


+
-
=
-
-
1
1
1
1 2
Z
Z
Ts
s                                               (10) 
is one method to find a discrete equivalent of a continuous controller.  
Applying the bilinear transformation, a discrete equivalent C(z) for c(s) will be derived as 
                                                    
1
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where the parameters m and n are given by 
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The transfer function of can be expressed as a difference Equation 
                         ) 1 ( )) 1 ( ) ( ( ) ( ) ( ) ( - + - - - + = k u k e k e n k e n m k u                                        (13) 
 
Figure 4: Block diagram representation 
A block diagram representation of this difference equation is illustrated in Figure 4. The difference between 
Figure 2 and Figure 3. is that the dashed box. It is noted that this dashed box in Figure 4. has the relationship 
                                 ) ( ) ( ) ( ) ( k e n k e n m k u D × - + = D                                             (14) 
Considering a fuzzy controller with the following constraints, the input membership functions are triangular except 
for the leftmost and rightmost membership functions, as shown in Figure 5. 
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Figure 5: Input membership functions of FLC. 
The variable x in this figure is a generic variable; in the case of the PI-like FLC given in Figure 5. x could 
represent the error e or the change in error Δe. The membership functions are not necessarily evenly distributed, and 
are arranged so that at most two have nonzero membership (are active) for any value of the input. Furthermore, the 
sum of the membership for all active fuzzy sets is exactly one. 
With this description of the membership functions, if x1 < x < xn, membership can be calculated as 
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where μAk is the membership of x to Ak, μAk+1 is the membership of x to Ak+1, xk is the point where x 
has full membership to Ak, and xk+1 is the point where x has full membership to Ak+1. There are two exceptions 
where cannot be used to calculate membership. If x < x1, then μA1(x) = 1, and membership is zero for all the other 
fuzzy sets. Ifx > xn, then μAn(x) = 1, and membership is zero for all the other fuzzy sets. 
The proposed  fuzzy  controller is defined to be  a  Sugenotype  FLC.  This  means  that the  output membership 
functions are singletons (crisp values). This fuzzy controller has rules of the form “If e is Ak, and Δe is Bk, then Δu = 
ΔuAkBk,” where Ak and Bk are fuzzy sets on the error and change of error inputs, respectively. The “and” operation 
in the rule antecedent is performed by multiplication. Active rules are combined by the “or” operation, which is 
accomplished by addition 
IV.  CASE STUDY 
The above design procedure is  applied to a buck converter. The parameters of this converter are Vin = 5 V, Vo = 2.5 
V, L = 1 μH, C = 220 μF, RL (the resistance of inductor) = 2 mΩ, The switching frequency is 400 kHz. A continuous 
PI controller with a transfer function shown in the following equation is designed to achieve 50
0 phase margin. 
S
S
s C
) . 0001 . 0 1 ( 2000
) (
+
=  
For the error input e, nine membership functions were designated A1 through A9. For the change of error input Δe, 
nine input membership functions were designated B1 through B9. Note that eiis the point where μAi = 1, and Δei is 
the point where μBi = 1.In order to realize the above small signal transfer function , the values of e1 through e9 and 
Δe1 through Δe9 are given in Tables 1 and Table 2, respectively. The rule table for the fuzzy controller is given in 
Table  3. 
 
Table  1 Values of e1 through e9                                          Table  2 Values of Δe1 through Δe9 1055 
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Table  3 Rule Table for Fuzzy Logic Controller 
                                                    Change in Error 
B1  B2  B3  B4  B5  B6  B7  B8  B9 
Error 
A1  -1.215  -0.2275  -0.0498  -0.0331  -0.0300  -0.0269  -0.0103  0.1675  1.1550 
A2  -1.190  -0.2025  -0.0248  -0.0081  -0.0050  -0.0019  0.0147  0.1925  1.1800 
A3  -1.185  -0.1980  -0.0203  -0.0036  -0.0005  0.0026  0.0193  0.1970  1.1845 
A4  -1.185  -0.1976  -0.0198  -0.0032  -0.0001  0.0030  0.0197  0.1974  1.1849 
A5  -1.185  -0.1975  -0.0198  -0.0031  0  0.0031  0.0198  0.1975  1.1850 
A6  -1.185  -0.1974  -0.0197  -0.0030  0.0001  0.0032  0.0198  0.1976  1.1851 
A7  -1.185  -0.1970  -0.0193  -0.0026  0.0005  0.0036  0.0203  0.1980  1.1855 
A8  -1.180  -0.1925  -0.0147  0.0019  0.0050  0.0081  0.0248  0.2025  1.1900 
A9 
-1.155  -0.1675  0.0103  0.0269  0.0300  0.0331  0.0498  0.2275  1.2150 
                                         
The membership functions are illustrated in Figure 6 and Figure 7 Each entry gives the change of duty cycle Δu 
when membership is full to both the corresponding fuzzy sets in the rule antecedent. For instance, the entry in row 2, 
column 4 of Table 3 gives the normalized change of duty cycle if membership is full to the membership function A2 
on the error input and the membership function B4 on the change of error input. 
 
                               
                 Figure 6. membership function for error                Figure 7. membership function for change in error 
 
V. SIMULATION CIRCUITS AND RESULTS 
   The proposed Buck DC-DC converter controlled by PI like FLC is implemented by using MATLAB/SIMULINK 
and simulation diagrams and waveforms are shown in Figure 8 to Figure 13. IJECSE, Volume 2, Number 3  
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Figure 8. MATLAB?SIMULINK model of BUCK converter with PI controller  
 
                         
Figure 9. Current and Voltage waveforms with PI controller 
 
   
Figure 10. Current and Voltage waveforms with PI controller for step change at 0.3 sec 
 1057 
Design and Analysis of PI like Fuzzy Logic Controlled Buck Converter  
 
ISSN 2277-1956/V2N3-1050-1058                                                                 
 
Figure 11. MATLAB/SIMULINK model of BUCK converter  with PI like FLC  
 
 
Figure 12: Current and Voltage waveforms with PI like FLC 
 
Figure 13. Current and Voltage waveforms with PI like FLC for step change at 0.3 sec 
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This paper presented a design procedure of FLCs for BUCK dc–dc converter. The proposed technique 
allows the small signal model of the converter and linear control techniques to be applied in the initial stages of 
fuzzy controller design. It also allows linear design techniques to be exploited. The FLC that was designed using 
linear techniques serves as a known starting point from which improved performance can be achieved by applying 
heuristic knowledge to obtain a nonlinear controller. The overshoot due to PI controller is 2.1v, using proposed FLC 
it is reduced to 0.2.Also for sudden load change, the proposed FLC has faster transient response than the original 
digital PI controller .The performance of the improved nonlinear controller can still be assessed using linear control 
techniques for small signals if the control surface remains linear in the region in which these small signals fall. 
Performance comparison of PI and PI like FLC for Buck Converter shown in Table 4. 
Table  4. Comparison of PI and PI like FLC for Buck Converter 
  Pi controller  PI controller with 
step change  Fuzzy controller  Fuzzy controller 
with step change 
Rise time  0.8 ms  5 ms  0.45 ms  0.4 ms 
Peak time  1.4 ms   7 ms  0.45 ms  0.43 ms 
Peak over shoot   
2.1 v 
 
0.15 v 
 
0.2 v 
 
0.01 v 
Steady state error   
0.16 
 
0.02 
 
0.035 
 
0.007 
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